Introduction: Stroke is a global health problem and a leading cause of morbidity and mortality. The site of lesion in stroke is determined with either non contrast computed tomography or Magnetic resonance imaging (MRI) scan of brain. Clinical evidence suggests that the site of damage influences the pattern of motor deficits. Thus, motor recovery and functional outcome after stroke may vary according to the location and size of brain lesions. The relationship between the location of brain lesions and motor and functional outcomes in stroke patients still remains controversial. The present study was performed to find out such association, if any.
INTRODUCTION
Stroke is now considered a global health problem and is a leading cause of morbidity and mortality worldwide. 1 The World Health Organization (WHO) defines stroke as "rapidly developing clinical signs of focal (or global) disturbance of cerebral function, with symptoms lasting 24 hours or longer or leading to death, with no apparent cause other than of vascular origin." 2 Stroke can be broadly classified into two major types: (1) Ischemic (85%) and (2) hemorrhagic (15%). 3 Stroke is the third leading cause of death in the United States after heart disease and cancer. The prevalence of stroke in India is about 1.54 per 1,000 and the death rate is 0.60 per 1,000. The incidence of stroke is age related, uncommon before age 50, but doubling each decade after age 55. In younger cohorts, stroke is more common among men than among women, but more common among women for individuals over the age 85. 2, 4 Risk factors for stroke have been divided into modifiable and non-modifiable factors. Hypertension is the leading risk factor for two of the top three causes of death in USA: coronary heart disease and stroke. Other modifiable risk factors include smoking, hypercholesterolemia, diabetes, obesity, hyperhomocystenemia. Non-modifiable factors include age, race, gender, and family history. 5 The diagnosis of stroke requires imaging of the brain either CT or MRI. 6 At most institutions, CT of the brain is performed as part of the initial evaluation of a patient with suspected stroke. However, it is insensitive to early ischemic changes and is usually of little value for establishing the diagnosis of acute stroke. However, diffusion weighted MRI has shown promise for the early diagnosis of stroke. 7 In theory, a full MRI study, including diffusion-and perfusion-weighted imaging, MR angiography, and standard T1-and T2-weighted images, could be performed within 30 minutes. 8 Hemiplegia contributes to about 90% of patients. 2 The degree of involvement of the limbs and trunk depends on the site and extent of lesion.
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Motor sequelae of stroke are the primary reason for its disabling effect. Currently, there is some evidence that subjects with stroke improve their motor function even in chronic state (longer than 6 months) due to neuroplasticity. 10 Hemiparesis and motor recovery have been the most studied of all stroke impairments. 11 Twitchell, in his classical report, described in detail the "classic" pattern of motor recovery following stroke. In majority of hemiparetic patients, the arm is more involved than the leg and the degree of functional motor recovery in the arm is less than in the leg. 4 The patterns of motor recovery and functional outcome have been described in detail by the authors of the Copenhagen Stroke Study; 12 95% of stroke survivors reached their best neurologic level within 11 weeks of onset. Individuals with milder stroke recovered more quickly and those with severe strokes reached their best neurologic level in 15 weeks on an average. After an early phase of progressive improvement, the course of motor recovery reaches a plateau and only minor additional improvement occurs after 6 months post onset. However, in some stroke survivors with partial return of voluntary movement, recovery may continue over a longer period of time.
The extent of motor recovery and final functional outcome after stroke varies among individuals. Some motor functions recover rapidly, while others remain as permanent deficit. 13 Clinical evidence suggests that the site of damage of the sensorimotor cortex influences the pattern of motor deficits. 14 Thus, motor recovery and functional outcome after stroke may vary according to the location and size of brain lesions. While several studies suggested that the size of lesions correlates with final outcomes, [15] [16] [17] [18] other studies found no such association. 19, 20 Most patients with significant neurological impairment who survive a stroke are initially dependent in basic Activities of daily living (ADL), that is, bathing, dressing, feeding, toileting, grooming, transfers, and ambulation. The capacity of individuals to perform these activities is usually scored on ADL scales, such as the FIM. Almost all patients show improved function in ADLs as recovery occurs. The relationship between the location of brain lesions and motor and functional outcomes in stroke patients therefore remains controversial.
This study was therefore conducted to find out the correlation between the radio-anatomic site of stroke diagnosed by CT/MRI with the motor recovery and functional outcome.
AIMS AND OBJECTIVES
To study the correlation of radio-anatomic site of stroke with motor recovery and functional outcome in ischemic stroke patients
MATERIALS AND METHODS
A prospective cohort study was done in the Department of Physical Medicine and Rehabilitation, Regional Institute of Medical Sciences, Imphal for a period of 2 years from September 2015 to August 2017. All ischemic stroke patients attending the department of PMR during the study period fulfilling the inclusion and exclusion criteria were included in the study. 
Inclusion Criteria

Outcome Measures
• The FIM is the functional outcome measure developed by Uniform Data System for Medical Rehabilitation and its validity and reliability in stroke are well IJPMR established. 21 It contains 18 items, each item ranging from 1 to 7. A FIM item score of 7 is categorized as "complete independence", while a score of 1 is "complete dependence". Scores below 6 require another person for supervision or assistance. Possible total score ranges from 18 to 126, and lower score indicates more dependent in respect to functional activities.
• Motor recovery was assessed by Brunnstrom's stages of motor recovery. 4 It emphasizes the synergistic pattern of movement which develops during recovery from hemiplegia. It has six stages ranging from complete flaccid to near normal voluntary movement. A patient can plateau at any of these stages but will generally follow this sequence if he or she makes a full recovery.
• National Institutes of Health Stroke Scale (NIHSS) was originally designed to assess stroke severity in controlled clinical studies of ischemic stroke patients.
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Despite this, it is now commonly used to measure neurologic function and guide treatment after spontaneous intracerebral hemorrhage in day-to-day clinical settings as well. 23 The NIHSS contains 15 items, including level of consciousness, eye movement, visual field deficit, and motor and sensory involvement. Scale items are scored by the degree of severity using weighted scores. 24 Possible total score ranges from 0 to 42.The reliability and validity of this scale are well established.
Procedure
All ischemic stroke patients attending the PMR department, RIMS fulfilling the inclusion and exclusion criteria were included in the study. Patients were subjected to clinical and neurological examination. A baseline initial assessment was done at the time of admission post stroke using the assessment tools. A follow-up assessment was done at 3rd month and 6th month post stroke. From the day of initial examination, all patients received the standard therapy (e.g. bilateral hemi-positioning, range of motion exercises, and Neurodevelopmental training) routinely given in the PMR department, RIMS. CT/MRI scan findings for each patient were recorded separately.
Data Management and Statistical Analysis
Data were entered and analyzed by using SPSS version 21.
Descriptive statistics, such as mean, frequency, and percentages were calculated. Analysis was done using a two-way mixed ANOVA to find out the effect of location of lesion on motor recovery and functional outcome. A p-value < 0.05 was taken as statistically significant.
Informed Consent and Ethics Approval
All the participants were informed about the nature of the project and those who agreed to participate were asked to sign the informed consent form. Participants were assured that they could withdraw from the project at any time. The approval of the Research Ethics Board, RIMS was taken before starting the study.
RESULTS AND OBSERVATION
A total of 60 patients following ischemic stroke fulfilling the inclusion and exclusion criteria were studied. The study consisted of thirty-four (34) males and twenty-six (26) females. The mean age was found to be 58.47 ± 7.67 years. The majority of the patients were from the age group of 61 to 65 years (53.3%). The mean duration of stroke was 39.7 ± 27.24 days and the time interval since stroke and rehabilitation was 28.31 ± 20.60 days. Majority of the patients came with a subcortical stroke confirmed by CT scan/MRI accounting 56.7%, followed by a basal ganglia stroke (30%) and cortical stroke (13.3%). Out of 60 patients, CT scan was positive for ischemic features in 44 patients (73.33%). The rest of the 16 patients (26.67%) either showed normal study or location not correlating with the clinical features the patients presented with. So, MRI was advised for these patients and showed positive ischemic features confirming our diagnosis (Tables 1  and 2 ).
The mean values of motor recovery of cortical, subcortical, and basal ganglia strokes showed an increase from baseline to 6 months. But the maximum increase in the mean value was found in stroke of basal ganglia and was found to be statistically significant (p-value < 0.05). So, stroke in basal ganglia showed statistically significant improvement in motor recovery following ischemic stroke (Table 3) . The mean values of functional outcome of cortical, subcortical, and basal ganglia strokes showed an increase from baseline to 6 months. But the maximum increase in the mean value was found in stroke of basal ganglia and was statistically significant (p-value < 0.05). So, stroke in basal ganglia showed a statistically significant increase in the functional outcome following ischemic stroke ( Table 4) .
The mean values of functional outcome of minor, moderate, and moderate-to-severe strokes showed an increase from baseline to 6 months. But the maximum increase in the mean value was found in minor stroke and was statistically significant (p-value < 0.05). So, minor stroke, according to the NIH stroke scale, showed a statistically significant increase in the functional outcome following ischemic stroke (Table 5 ).
The mean values of motor recovery of minor, moderate, and moderate-to-severe strokes showed an increase from baseline to 6 months. A maximum increase in the mean value was found in minor stroke, and Motor recovery was found to be statistically significant (p-value < 0.05) in minor stroke. So, minor stroke, according to the NIH stroke scale, showed a statistically significant improvement in motor recovery following ischemic stroke (Table 6) .
DISCUSSION
This prospective cohort study was conducted on 60 patients suffering from hemiplegia due to ischemic type of cerebrovascular accident admitted within three months of stroke onset. The present study was done to establish a relation of radio-anatomic site of stroke with motor recovery and functional outcome in ischemic stroke patients.
The mean age of patients in the present study was 58.47 ± 7.67 years. Forty-two out of 60 participants (70%) belonged to the age group of 56 to 65 years, showing the increased incidence after the age of 55 years. Sridharan et al 25 conducted a study where the median age of the participants was 67 years. Another study by Carvalho et al 26 showed the participants having a mean age of 67.7 ± 14.4 years. The slight disparity can be explained by the exclusion of patients older than 65 years in our study, but it proved that ischemic stroke is more common after the age of 55 years. 
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Overall, stroke is thought to be more common in males. In the present study also, males accounted for 56.7% with a ratio of 1.3:1. A study conducted by Dhamija et al 27 also had a similar finding of 1.2:1. A literature review by Appelros P et al also showed higher incidence of stroke in males worldwide with ratios varying from 0.95 to 2.13. Only few studies have shown higher incidence in females like Carvalho et al. Females have less incidence of stroke because of several factors like positive effect of estrogen on cerebral circulation, lower blood pressure than men of same age, and lower incidence of diseases like peripheral vascular disease and ischemic heart disease, and a better healthy lifestyle than men.
Our study showed that most patients had a subcortical stroke (56.7%) followed by basal ganglia stroke (30%) and then cortical stroke (13.3%). The findings are similar to another study conducted by Chen et al 28 where most patients had a subcortical stroke (49.1%), followed by basal ganglia stroke (38%) and then cortical stroke (12.72%). Sivakumar et al 29 conducted a study with 120 firsttime cerebral infarct patients with hemiparesis to evaluate the effect of cerebral infarct location on motor and functional outcome for first three months post stroke. They found that the location of infarct had an influence on motor scores as well as functions like hand function, walking, sitting to standing, and stair climbing. Cortical lesions were found to have greater motor scores and minimal functional disabilities than subcortical or transcerebral infarction.
Our study also showed a clear association between the location of ischemic stroke with motor recovery and functional outcome. However, stroke in basal ganglia was found to have a statistically significant improvement in both motor recovery and functional outcome. Cortical stroke and subcortical stroke also showed improvement, but were not significant in contrast to the study conducted by Sivakumar et al. The reasons could be: (1) the followup period was longer (6 months) in our study, (2) cortical stroke patients in their study may not have involved the pre motor cortex which resulted in a better motor and functional outcome, (3) basal ganglia was not separately classified by CT/MRI, and (4) the outcome measures used (Stroke rehabilitation assessment of movement and motor assessment scale) were different which may have resulted in the disparity. Both the studies showed poorer outcomes in subcortical strokes, the reason being, such infarcts can disrupt facilitation of secondary motor system.
Miyai et al 30 recruited 132 patients to analyze the effect of stroke in MRI positive basal ganglia and thalamus on the functional outcome after 4 months of inpatient rehabilitation using the FIM score. They concluded that subcortical lesions to multiple structures in the basal ganglia permitted enhanced motor recovery and functional outcome. Our study also showed that ischemic stroke in basal ganglia had a better result in terms of enhanced motor recovery and functional outcome. Miyai et al 31 conducted another study with 42 consecutive patients with single cerebral infarction in the territory of the middle cerebral artery to assess the degree to which premotor cortex damage affected functional outcome. They found that premotor cortex spared group demonstrated significant gain in mobility and function compared to the premotor cortex group. In our study, cortical stroke did not show significant improvement in motor recovery and functional outcome in contrast to several other studies which showed maximum improvement in cortical stroke patients. The possible reason may be the fact that the cortical stroke patients in our study may have had involvement of the premotor cortex, which was not taken into account and which may have hindered motor recovery at the end of 6 months in contrast to other studies. Fu et al 32 conducted a study on 4 hemiplegic patients with basal ganglia infarction to assess the motor recovery of contralateral hand using functional MRI. On follow-up 3, patients achieved significant recovery of motor function of affected limbs with activation of bilateral sensorimotor cortex in 2 patients and cerebellar activation in all patients. No remarkable recovery was seen in 1 patient with left basal ganglia infarction. Similar finding was observed in our study where basal ganglia infarction showed a significant improvement in motor recovery and functional outcome. MRI is more sensitive than CT in demonstrating the changes of acute stroke in the first 48 hours. 3 CT scan is preferred, as it is less costly, widely available, and less time consuming. In the present study, MRI was able to There were several limitations in our study. The sample size was small. Patients >65 years were not included in the study. The duration of treatment was short and there was a lack of long-term follow-up. The size of the infarct was not taken into account during analysis of outcome in the study. Future studies incorporating a larger sample population with a longer follow-up period, CT/MRI-guided brain lesion profiles which are a combination of location and size of stroke are suggested for establishing the relation.
CONCLUSION
The present study was done to find out the correlation of radio anatomic site of stroke with motor recovery and functional outcome in CT/MRI-confirmed ischemic stroke. The study confirmed the relation of radio-anatomic site of stroke with motor recovery and functional outcome. It also found that stroke in basal ganglia of the brain had a significant improvement in motor recovery and functional outcome among all the other locations of stroke. The study also confirmed that there is a significant improvement in motor recovery and functional outcome in patients with minor stroke according to the NIH stroke scale. It was also found that MRI should be advised to patients whose clinical outcome is not correlating with the site of stroke or showing normal findings on a CT scan.
The localization of infarction is particularly important for predicting the probability of motor recovery after stroke. Studying functions as a reflection of motor impairment is imperative to plan a training program. The results of this study project a requirement for intensified rehabilitation for infarcts involving subcortical and cortical areas.
